INTRODUCTION
Head and neck cancer (HNC) including lip, oral cavity, nasopharynx, other pharynx and larynx is the 7 th most common cancer globally. The incidence wise male-female ratio for HNC is nearly 3.7: 1 in India and nearly 2.7:1 globally [1] .An increase in incidence of HNC (squamous cell carcinoma) is observed with increase in age and usually presents after 40 years of age [2] . Most of the head and neck cancers are triggered by alcohol and tobacco, which together probably account for three-quarters of cases [3] .Tobacco smoking is associated with increased risk for all of the more common forms of HNC, the risk among cigarette smokers may be ten or more times than that for non-smokers [4, 5] .
Squamouscell carcinoma or a variant is the histology type in about 90% of HNC tumors [6] . HNC in the form of locally advanced disease is diagnosed in approximately 70-80% of these patients along with 30-50% involvement of lymph nodes [7] .Concomitant chemoradiotherapy (CCRT) is the standard treatment for patients with unresectable, non-metastatic locoregionally advanced squamous cell carcinoma of the head and neck (LASCCHN). Cisplatin based CCRT produces complete response in 80.5%, Grade III and IV toxicities in 40%, and threeyear overall survival in 62% patients [8, 9] .
Immunotherapy for prevention and treatment of malignant diseases is in its initial stage. Initial work for urinary bladder cancer, melanoma and lung cancer has raised a hope that improving immune mechanism can be of use [10] . Randomized controlled studies in different cancers resulting in significant increase in survival and disease free period have been reported and its efficacy is enhanced by 20-30% when cell-based immunotherapy is combined with other conventional treatment methods [10] .Bacillus Calmette-Guerin (BCG) immunetherapy for early stage (non-invasive) bladder cancer utilizes instillation of attenuated live bacteria into the bladder and is reported to be effective in preventing recurrence in up to two thirds of cases [11] .
In few small clinical studies, Mycobacterium indicus pranii / Mycobacterium w (MIP / Mw) had been used in lung cancer and bladder cancer patients indicating its beneficial effect in the management of these diseases. The immunotherapeutic potential of MIP/Mw in mouse tumor model was observed with higher number of immune cells [CD4 + and CD8 + T cells, natural killer T (NKT) cells, macrophages and dendritic cells] infiltration in tumor cell mass in the MIP treated group as compared to control. These immune cells were in functionally active state in the MIP treated group with higher induction of proinflammatory Th1 type cytokines (like interferon gamma and interleukin-2) and increased cytotoxicity towards target tumor cells as compared to control group. The results in terms of delayed tumor growth and significantly less tumor volume were found in MIP treated mice tumor mass as compared to control tumor bearing mice [12] .
The mainstay treatment modalities for LAHN Care radiotherapy and/or chemotherapy. The radiotherapy and/or chemotherapy cause acute toxicities which give rise to severe compliance problems [13, 14] .The use of Mycobacterium w (Mw) vaccine in HNC is an effort to reduce treatment induced toxicity with resultant improvement in the response rate.
Immunotherapy in the form of Mw vaccine may be useful as concurrent therapy with radical intent concomitant chemoradiation treatment to improve response rate with less side effects in patients suffering from locally advanced head and neck squamous cell carcinoma [15] [16] [17] [18] .
MATERIALS AND METHODS

Study Design
A prospective randomized single-center parallel comparative study was conducted at Department of Radiotherapy, Regional Cancer Centre, Pt B D Sharma Post-Graduate Institute of Medical Science, Rohtak. Institutional Board of postgraduate studies approved the protocol for the study.
Patient Population
Sixty previously untreated histopathologically proven patients of LAHNC (stage III-IV as per American Joint Committee on Cancer 7th edition, 2010) were enrolled for the study from March 2013 to September 2014, attending the Department of Radiotherapy for definitive treatment after obtaining informed written consent. The patients were randomly allocated to the study by draw of lots, 30 in Mw vaccine based immunotherapy plus concomitant chemoradiation arm (MwCCRT arm) and 30 in CCRT alone arm (CCRT arm). Inclusion criteria included Karnofsky performance status (KPS) > 70 and normal hematological, renal, and liver function tests. The patients having any of the following conditions were excluded from the study: distant metastases, prior treatment as radiation, surgery or chemotherapy for the disease, histopathology other than squamous cell carcinoma, pregnant or lactating females, co-morbid chronic/ endocrinal disease or any other malignancy and a poor general condition with Karnofsky Performance Status of <70. Thorough detailed clinical examination, history and workup details of all the patients were recorded. Antiemetic regimen (injection dexamethasone 16 mg IV, injection palonosetron 0.25 mg IV, injection phenaramine maleate 25 mg IV and injection ranitidine 50 mg IV) was used 30 minutes before cisplatin administration and followed by prechemotherapy hydration with forced diuresis using mannitol 20% IV. Injection cisplatin 40 mg/m 2 IV was administered in 500 mL normal saline over one hour in both arms. Post-chemotherapyhydration was given immediately after the completion of cisplatin administration. Tablet ondansetron 8 mg and tablet ranitidine 150 mg were given to patient per orally (PO) 12 hourly for next 5 days.
Treatment
In both arms, the external beam radiotherapy was delivered to face and neck by conventional two parallel-opposed lateral fields in supine position on Cobalt-60 Teletherapy machine. Total dose of 64 Gy in 32 fractions over 6.2 weeks, 2 Gy per fraction, one fraction per day and 5 fractions per week was admintered to the mid plane at the central axis. Radiation treatment technique was individualized according to the site and extent of the disease.
Spinal cord was spared from the radiation field after a dose of 44 Gy by using shrinking field technique. The patients were weekly assessed for treatment toxicities using World Health Organization (WHO) toxicity criteria. Patients who developed significant mucositis resulting in decreased oral intake were given IV alimentation along with Ryle's tube feeding. Patients were hospitalized to monitor any clinically significant toxicity. Complete blood counts, serum aspartate transaminase (AST), serum alanine transaminase (ALT), blood urea and serum creatinine were done every week. On treatment completion, the response was assessed and monthly follow up was carried out for six months using WHO response criteria. All patients underwent regular general physical, local and systemic examination every month for 6 months.
Statistical analysis was done applying Chisquare test.
RESULTS
The baseline characteristics of patients including demographic profiles, stages etc. are given in table1. Both the groups were comparable with regard to age, sex, and clinical stage (p>0.05). The median age at presentation was 58.7 years (40-85 years) in MwCCRT arm and 54.5 years (37-80 years) in CCRT arm respectively. The majority of patients (69%) were older than 50 years in both the groups. The male to female ratio was 11:1. All efficacy analyses were done on an intent-to-treat basis. All patients had stage III or IV cancer at the time of presentation.
Table1. Baseline characteristics of the patients
Patients
Haematological toxicity, gastrointestinal toxicity (nausea/vomiting), liver toxicity, renal toxicity, acute pharyngeal & esophageal reactions (dysplasia), salivary gland reactions were detected more in CCRT arm than in MwCCRT arm though the difference was statistically not significant (p>0.05). Acute mucosal reactions and acute skin reactions are tabulated in table2 and table3 as per the Radiation Therapy Oncology Group (RTOG) acute radiation morbidity scoring criteria respectively. 
Table2. Mucosal reactions (MR) observed during treatment
For grade III skin reaction, group I is constant
Grade 3 mucosal reactions and Grade 3 skin reactions were detected only in 10% in MwCCRT and 13% patients of CCRT arm respectively. Higher mucosal and skin toxicities were found in CCRT arm and the difference in two arms was statistically significant for grade 2 reactions (p<0.05). The local abscesses at intradermal Mw vaccine injection sites (deltoid region of arm) were detected in seven patients (23.3%) in MwCCRT arm only on weekly observation during the treatment. Table 4 shows the complete response (CR) and partial response (PR) at primary site and at nodal site individually. Table 5 shows the response at primary site and nodal site together. CR was observed to be better in MwCCRT arm than CCRT arm though not significant statistically (p=0.612). Six months of follow-up (range 6-18months) was completed by all patients and the observations are tabulated in Table 6 . The local tumor control was better found in MwCCRT arm as compared to CCRT arm though not significant statistically (p=0.612). 
DISCUSSION
The treatment modalities in advanced stage of HNC are radiotherapy and/or chemotherapy which might be associated with acute toxicities. The present study using Mw vaccine immunotherapy along with CCRT in the management of LASCCHN has demonstrated the reduction in treatment induced toxicity with improvement in clinical response. Similar results have been reported by Dave et al who conducted a randomized controlled study to evaluate the effect of vaccine containing Mw administered for 6 months in 100 patients of head and neck cancer patients and concluded that immunotherapy may be useful as a safe therapy in head and neck cancer patients for better clinical response, reducing side effects and improving quality of life [18] .
Another study carried out by Sarkar et alhas alsoreported the similar findings. This research work was conducted using 0.1 ml Mycobacterium w vaccine given intracutaneously weekly during radiotherapy (6000-6600 cGy/6-6½ weeks) along with cisplatin 30 mg/m² weekly for 6 weeks and continued every 2 weeks for another 3 months after completion of radiation schedule in study arm of 30 patients with squamous cell carcinoma of head and neck .The patients included in the control arm were 30 evenly matched head and neck cancer patients and treated by the same schedule but without any adjuvant immunomodulator. They observed no grade III skin or hematological toxicity and no interruption in treatment protocol in the study arm whereas grade III skin/mucous membrane/hematological toxicities leading to interruption of treatment schedule and much prolonged treatment time was found in 12 out of 30 patients in the control arm. There was no statistically significant difference between the two treatment arms regarding disease response. Quality of life as measured by Karnofsky Performance Status was significantly better in the study arm. They concluded that Mycobacterium w is an economically viable and well tolerated immunomodulator for head and neck cancer patients, producing significant reduction in treatment related acute toxicities and producing enhanced radiation tolerance [16] .
The above trials are in accordance with the present study and have reported better locoregional control (tumor clinical response) along with reduced treatment induced toxicity in the Mw vaccine based immunotherapy groups along with CCRT (MwCCRT group) as compared to the CCRT alone groups (control group) [16, 18] .
Immunotherapy, also called biologic therapy, is a type of cancer treatment that boosts the body's natural defenses to fight cancer. Several immunosuppressive immune subsets have been found in HNC including tumour associated macrophages, myeloid-derived suppressor cells, and regulatory B and T cells. Induction of anti-tumor immunity is a multistep process, which is regulated at every step by positive and negative signals. The tumor antigens first reach professional antigenpresenting cells (APCs), such as dendritic cells (DCs), which upon activation migrate to draining lymph nodes. There, DCs, after processing the peptides in the proteasome, present them as part of the major histocompatibility (MHC) molecules to T cells resulting in T cell activation and proliferation. Upon activation, tumor-specific T cells differentiate into effect or cells or memory T cells, which carry out different anti-tumor activities.
Immunotherapies including mycobacterium w vaccine act at one or more of the steps of this process and may prove to be need of the day in showing better tumor control as well as being less toxic in LASCCHNC in concert with CCRT [19, 20] .
CONCLUSION
The observations made in the study suggest that Mw vaccine based immunotherapy along with CCRT might prove to be a better approach for treatment of patients with LASCCHN as compared to CCRT alone.
